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$ FRQVXPHU KDV UHSHDWHG FRQWDFWV ZLWK D VHW RI SURGXFW RU VHUYLFH SURYLGHUV (DFK YLVLW
WR D VXSSOLHU \LHOGV WKH FRQVXPHU VRPH UDQGRPO\ GLVWULEXWHG XWLOLW\ 7KH VXSSOLHUV
 XWLOLW\
GLVWULEXWLRQV DUH XQNQRZQ WR WKH FRQVXPHU DQG WR GHFLGH ZKLFK VXSSOLHU WR YLVLW VKH XVHV D
P\RSLF YDULDQW RI WKH GHFLVLRQ UXOH XVHG E\ D FODVVLFDO XWLOLW\PD[LPL]LQJ %D\HVLDQ 7KLV UXOH
LV GHVLJQHG WR EH URXJKO\ FRQVLVWHQW ZLWK HPSLULFDO pQGLQJV UHJDUGLQJ LQGLYLGXDO FKRLFH XQGHU
XQFHUWDLQW\
)RU WKLV PRGHO ZH GHYHORS FORVHGIRUP H[SUHVVLRQV WKDW FKDUDFWHUL]H ERWK VKRUWWHUP DQG
ORQJWHUP PHDVXUHV RI FXVWRPHU OR\DOW\ WR D VXSSOLHU 7KHVH UHVXOWV RoHU D ULFK SLFWXUH RI KRZ
FRQVXPHU GLVFULPLQDWLRQ DQG SULRU EHOLHIV LQWHUDFW ZLWK WKH OHYHO RI TXDOLW\ DFWXDOO\ RoHUHG E\
VXSSOLHUV WR GHWHUPLQH FXVWRPHU OR\DOW\
e23,0 ' H SD UWPH QW 7 KH :KD UWR Q 6F KR R O 8 QLY H UVLW\ R I 3H QQV\ OY D QLD  3KLOD GH OSKLD  3$          
\5H VH D UF K VXSSR UWH G E\ WKH :KD UWR Q ) LQD QF LD O ,QVWLWXWLR QV & H QWH U D QG E\ 1 6) *UD QW 6%5       
L , QWU RGXFWLRQ
:KDW LV WKH FRVW RI D EDFNRUGHU RU VWRFNRXW" 2I PDNLQJ D FXVWRPHU ZDLW ORQJHU LQ TXHXH" 2I D SODQH
PLVVLQJ DQ RQWLPH DUULYDO" 2I ORZHULQJ TXDOLW\ VWDQGDUGV MXVW D ELW" 7KHVH FRVWV DUH HPEHGGHG
LQ WKH KHDUW RI D ZLGH UDQJH RI PRGHOV LQ RSHUDWLRQV PDQDJHPHQW 7\SLFDOO\ WKH\ DUH GHVFULEHG DV
IDFWRUV H[RJHQRXV WR WKH RSHUDWLRQDO PRGHOV EHLQJ GHYHORSHG JLYHQ WKH VWRFNRXW FRVW RU WKH ZDLWLQJ
FRVW ZH VHHN WR PD[LPL]H SURpW 2IWHQ WKH\ DUH DOVR DVVXPHG WR EH OLQHDU D VWRFNRXW FRVWV S SHU
XQLW ZDLWLQJ FRVWV DUH F SHU MRE SHU XQLW RI WLPH
6RPHWLPHV WKHVH DVVXPSWLRQV DUH UHDVRQDEOH ,I VWRFNRXWV DUH H[SHGLWHG ^ WKH PLVVLQJ LWHPV
EHLQJ LPPHGLDWHO\ SURFXUHG IURP DQ DOWHUQDWLYH VRXUFH DW D SUHPLXP ^ WKHQ WKH OLQHDU SHQDOW\
S SHU XQLW PD\ DSSO\ ,I WKH ZDLWLQJ MREV LQ D TXHXHLQJ V\VWHP DUH :,3 ^ ZLWK KROGLQJ FRVWV
GRPLQDWHG E\ WKH FRVW RI FDSLWDO LQYHVWHG  WKHQ WKH OLQHDU ZDLWLQJ FRVWV F SHU XQLW SHU XQLW RI
WLPH PD\ EH YDOLG
,Q V\VWHPV LQ ZKLFK FRQVXPHUV DUH GLUHFWO\ DoHFWHG E\ SRRU VHUYLFH KRZHYHU LW LV QRW FOHDU
WKDW WKH FRVWV DUH OLQHDU ^ RU WKDW HYHQ WKH EDVLF IUDPHZRUN RI D VWDWLRQDU\ VWRFNRXW FRVW SHU XQLW
RU KROGLQJ FRVW SHU XQLW RI WLPH ^ DSSOLHV :KLOH VWDQGDUG WH[WV WKDW FRYHU LQYHQWRU\ PDQDJHPHQW
VXFK DV 6LOYHU 3\NH DQG 3HWHUVRQ >@ DQG 1DKPLDV >@ PHQWLRQ WKH FRVWV RI ORVW FXVWRPHU ?JRRG
ZLOO WKH\ QRWH WKDW LW LV RIWHQ GLrFXOW IRU PDQDJHUV WR DVVLJQ WKHVH FRVWV WR VWRFNRXWV 7UDGLWLRQDO
RSHUDWLRQDO PRGHOV ZKLFK WDNH WKHVH JRRG ZLOO FRVWV DV H[RJHQRXVO\ JLYHQ DUH RI QR KHOS
,Q IDFW FXUUHQW SUDFWLFH LV WR GLUHFWO\ VHW VHUYLFH OHYHOV ,Q LQYHQWRU\ V\VWHPV OLQHLWHP pOO UDWH
WKH SUREDELOLW\ WKDW DQ DUULYLQJ RUGHU FDQ EH VDWLVpHG IURP RQKDQG LQYHQWRU\ LV DQ RIWHQXVHG
PHDVXUH RI VHUYLFH TXDOLW\ ,Q TXHXHLQJ HQYLURQPHQWV VXFK DV WHOHSKRQH FDOO FHQWHUV WKH H[SHFWHG
GHOD\ RI DQ LQFRPLQJ FDOO DQG WKH SUREDELOLW\ WKDW DQ LQFRPLQJ FDOO ZLOO EH GHOD\HG PRUH WKDQ [
VHFRQGV DUH DQDORJRXV VHUYLFHOHYHO WDUJHWV WKDW PDQDJHUV RIWHQ VHW
,W LV QRW VXUSULVLQJ WKRXJK WKDW PDQDJHUV DUH RIWHQ XQVXUH WKDW WKH\ KDYH VHW WKH ?ULJKW TXDOLW\
OHYHO :KLOH WKH\ FDQ HVWLPDWH WKH PDUJLQDO FKDQJH LQ RSHUDWLQJ FRVW WKDW D FKDQJH LQ SHUIRUPDQFH
ZLOO UHTXLUH WKH\ FDQQRW UHDGLO\ TXDQWLI\ WKH PDUJLQDO FKDQJH UHYHQXH WKDW WKH FKDQJH LQ TXDOLW\
ZLOO REWDLQ 7KDW LV WR GHYHORS HoHFWLYH RSHUDWLQJ VWUDWHJLHV D FRPSDQ\ PXVW pUVW FKDUDFWHUL]H
FRQVXPHU UHVSRQVH WR DVSHFWV RI TXDOLW\ VXFK DV SURGXFW DYDLODELOLW\ RU RQWLPH SHUIRUPDQFH ZKLFK
LW RQO\ SDUWLDOO\ FRQWUROV DQG DUH LQKHUHQWO\ XQFHUWDLQ
+RZ GRHV RQH FKDUDFWHUL]H FXVWRPHU UHVSRQVH" 7KLV TXHVWLRQ IDOOV ZLWKLQ WKH GRPDLQ RI PDU
NHWLQJ DQG DSSHDUV WR EH RI FXUUHQW LQWHUHVW WR PDUNHWLQJ UHVHDUFKHUV )RU H[DPSOH WKH 0DUNHWLQJ
6FLHQFH ,QVWLWXWH
V  UHVHDUFK SULRULWLHV >@ LQFOXGH WKH IROORZLQJ WRSLFV DPRQJ RWKHUV
DV ?EHLQJ VXrFLHQWO\ VLJQLpFDQW DQG WLPHO\ WKDW WKH\ GHVHUYH LQWHQVLYH UHVHDUFK DWWHQWLRQ 
>XQGHUVWDQGLQJ WKH@ YDOXH RI >D@ FXVWRPHU ^ YDOXH RI OR\DOW\ OLIHWLPH YDOXH RI FXVWRPHU   XQ
GHUVWDQGLQJ DQG GULYLQJ FXVWRPHU VDWLVIDFWLRQ  >XQGHUVWDQGLQJ WKH@ UHODWLRQVKLS EHWZHHQ DFWXDO
FRPSDQ\ SHUIRUPDQFH DQG PHDVXUHV RI FXVWRPHU VDWLVIDFWLRQ
7KXV WKH TXHVWLRQ RI KRZ SURGXFHUV VKRXOG DFFRXQW IRU FRQVXPHU UHVSRQVH WR XQFHUWDLQ TXDOLW\
DSSHDUV WR EH RSHQ 1HYHUWKHOHVV RYHU WKH SDVW  \HDUV UHODWHG VWUHDPV RI UHVHDUFK LQ SV\FKRORJ\
H[SHULPHQWDO HFRQRPLFV DQG PDUNHWLQJ KDYH EHJXQ WR HOXFLGDWH D SLFWXUH RI KXPDQ GHFLVLRQPDNLQJ
XSRQ ZKLFK ZH FDQ EXLOG D UHDVRQDEOH PRGHO RI WKLV UHVSRQVH
) L U V W L WD S S H D U VW K D WS H R S O HV \ V W H P D W L F D O O \F D W H J R U L ] HD VW K H \P D N HV H Q V HR IW K H L UH [ S H U L H Q F H V 
7KDW LV SHRSOH PDLQWDLQ PHQWDO H[DPSOHV RI KRZ HQWLWLHV LQ WKH ZRUOG EHKDYH DQG WKH\ LQWHUSUHW DQ
H[SHULHQFH ZLWK DQ HQWLW\ E\ FRPSDULQJ WKHLU SHUFHSWLRQV ZLWK WKH W\SLFDO RU H[HPSODU\ FKDUDFWHU
LVWLFV RI WKHLU PHQWDO SLFWXUH RI KRZ WKDW FDWHJRU\ EHKDYHV 7KLV VWUXFWXUH VKRZV XS LQ .DKQHPDQ
DQG 7YHUVN\
V > @ ZHOONQRZQ ?UHSUHVHQWDWLYHQHVV KHXULVWLF DQG LW IRUPV WKH EDVLV RI FDWHJRU\
DQG H[HPSODU WKHRU\ LQ FRJQLWLYH SV\FKRORJ\ )RU D UHYLHZ DQG LQWHUSUHWDWLRQ VHH +HQGHUVRQ DQG
3HWHUVRQ >@
,Q DGGLWLRQ WKHUH DUH HPSLULFDO VWXGLHV RI FXVWRPHU VDWLVIDFWLRQ ZLWK SURGXFW DQG VHUYLFH TXDOLW\
WKDW RoHU D SLFWXUH RI D FRQVXPHU
V XWLOLW\ RU DoHFW WKDW UHqHFWV WKLV FDWHJRUL]DWLRQ ,Q WKHVH PRGHOV
D FRQVXPHUV
 XWLOLW\ LV EDVHG RQ D FRPSDULVRQ VKH PDNHV EHWZHHQ WKH TXDOLW\ VKH UHFHLYHV DQG VRPH
SULRU H[SHFWDWLRQ )RU H[DPSOH %RXOGLQJ HW DO >@ PRGHO WKH FRQVXPHU DV EDVLQJ KHU VDWLVIDFWLRQ
ZLWK VHUYLFH UHFHLYHG RQ D FRPSDULVRQ WR WZR H[HPSODUV RU VWDQGDUGV WKH OHYHO RI VHUYLFH VKH EHOLHYHV
WKH VHUYLFH SURYLGHU ZLOO RoHU DQG WKH OHYHO RI VHUYLFH VKH EHOLHYHV WKH VHUYLFH SURYLGHU VKRXOG RoHU
)LQDOO\ HDUO\ ZRUN VWXG\LQJ SHRSOHV
 KHXULVWLF UHVSRQVHV WR XQFHUWDLQW\ VXFK DV WKDW RI .DKQH
P D QD Q G7 Y H U V N \>     @ K D VO H GW RH [ S H U L P H Q W D OZ R U N^E \+ R U R Z L W ]>   @ * U H W K H U>       @ 
&DPHUHU >@ 0H\HU DQG 6KL >@ DQG %DQNV HW DO >@ ^ WKDW VKRZ WKDW LQ WKH FRQWH[W RI FRQWUROOHG
H[SHULPHQWV SHRSOH DSSHDU WR EHKDYH LQ D URXJKO\ %D\HVLDQ IDVKLRQ ZLWK VRPH ELDVHV VXFK DV D
WHQGHQF\ WR EHKDYH PRUH P\RSLFDOO\ WKDQ LV RSWLPDO
7KHVH HPSLULFDOO\GULYHQ WKHRULHV RI LQGLYLGXDO SHUFHSWLRQ DQG GHFLVLRQPDNLQJ WR KDYH SURPSWHG
XV WR GHYHORS D UHSUHVHQWDWLRQ RI FRQVXPHU UHVSRQVH WR XQFHUWDLQ TXDOLW\ WKDW LV D P\RSLF YHUVLRQ
RI D WKH FODVVLFDO XWLOLW\PD[LPL]LQJ %D\HVLDQ ,Q RXU PRGHO DQ LQGLYLGXDO FRQVXPHU KDV UHSHDWHG
FRQWDFWV ZLWK D VXSSOLHU RI D SURGXFW RU VHUYLFH ,Q HDFK FRQWDFW VKH REWDLQV XWLOLW\ WKDW LV GULYHQ E\
WKH TXDOLW\ RI WKH HQFRXQWHU 6KH FDWHJRUL]HV VXSSOLHUV DV EHLQJ SRWHQWLDOO\ HLWKHU ?EDG RU ?JRRG
DQG IRU HDFK VXSSOLHU VKH PDLQWDLQV D SULPLWLYH SULRU EHOLHI LW PD\ EH EDG RU JRRG ZLWK D VLPSOH
SUREDELOLW\ $IWHU HYHU\ HQFRXQWHU ZLWK D VXSSOLHU WKH FRQVXPHU XSGDWHV KHU EHOLHI FRQFHUQLQJ WKH
VXSSOLHU
V TXDOLW\ LQ DFFRUGDQFH ZLWK KHU H[SHULHQFH ,I WKH SRVWHULRU SUREDELOLW\ WKDW D FXUUHQW
VXSSOLHU
V TXDOLW\ LV JRRG GURSV EHORZ WKDW RI D FRPSHWLWRU
V WKHQ WKH FRQVXPHU ?GHIHFWV WR WKH
FRPSHWLWRU
7KLV PRGHO RI GHFLVLRQPDNLQJ LV VLPLODU WR WKH FRJQLWLYH WKHRU\ RI *LJHUHQ]HU DQG 0XUUD\ >@
,W DOVR KDV DQ LQWLPDWH FRQQHFWLRQ ZLWK WKH VHTXHQWLDO SUREDELOLW\ UDWLR WHVW 6357 GHYHORSHG E\
:DOG >@ LQ WKH 
V DV ZHOO DV ZLWK WKH ?&XPXODWLYH 8WLOLW\ &RQVXPHU 7KHRU\ RI *LOERD DQG
6FKPHLGOHU >@ DQG *LOERD DQG 3D]JDO >@ ,QGHHG RXU UHSUHVHQWDWLRQ RI FRQVXPHU FKRLFH PD\ EH
WKRXJKW RI DV D FRPSRVLWLRQ RI WKHVH PRGHOV DQG RXU UHVXOWV DUH DQDORJXHV RI WKRVH GHYHORSHG LQ
>@ DQG >@
2XU UHVXOWV RoHU FORVHGIRUP H[SUHVVLRQV WKDW FKDUDFWHUL]H WKH GXUDWLRQ RI FXVWRPHU OR\DOW\ LQ
WKH VKRUW WHUP DV ZHOO DV UHODWLYH IUHTXHQF\ RI SXUFKDVH LQ WKH ORQJ UXQ 7KHRUHP  VKRZV WKDW
IRU D FXUUHQW FXVWRPHU WKH H[SHFWHG GXUDWLRQ RI OR\DOW\ LV URXJKO\ FRQYH[ DQG LQFUHDVLQJ LQ WKH
RYHUDOO OHYHO RI TXDOLW\ SURYLGHG E\ D VXSSOLHU 7KHRUHP  VKRZV WKDW LQ WKH ORQJ UXQ WKH UHODWLYH
IUHTXHQF\ ZLWK ZKLFK D FRQVXPHU SDWURQL]HV D VXSSOLHU LV FKDUDFWHUL]HG LQ VLPLODU WHUPV UHODWLYH
?FXVWRPHU VKDUH LV FRQYH[ DQG LQFUHDVLQJ LQ WKH RYHUDOO OHYHO RI TXDOLW\ 7KH H[SUHVVLRQ IRU ORQJ
WHUP IUHTXHQF\ LV D FOHDU FRPSRVLWLRQ RI WKH FRPSHWLQJ VXSSOLHUV
 VKRUWWHUP H[SHFWHG OR\DOWLHV DQG
LWV IRUP DOVR EHDUV D VWULNLQJ UHVHPEODQFH WKDW RI WKH PXOWLQRPLDO ORJLW 01/ PRGHOV RI WUDGLWLRQDO
GLVFUHWH FKRLFH WKHRU\ IRU H[DPSOH VHH $QGHUVRQ HW DO >@
7KHVH UHVXOWV DSSHDU WR EH TXLWH UREXVW 2XU PDLQ UHVXOWV GR QRW UHTXLUH WKH GLVWULEXWLRQ RI
XWLOLW\ RoHUHG E\ D VXSSOLHU WR IROORZ D SDUWLFXODU IXQFWLRQDO IRUP )XUWKHUPRUH ZH GHPRQVWUDWH
WKDW DOWHUQDWLYH UHSUHVHQWDWLRQV RI P\RSLF FRQVXPHUV REWDLQ DQDORJRXV UHVXOWV
7KRXJK VW\OL]HG RXU PRGHO DQG UHVXOWV DUH DOVR ULFK HQRXJK WR DGPLW H[SOLFLW UHSUHVHQWDWLRQ
RI SKHQRPHQD VXFK DV GLoHUHQFHV LQ FRQVXPHU GLVFULPLQDWLRQ DQG LQ SULRU EHOLHIV ,Q D FRPSDQLRQ
SDSHU >@ ZH GHPRQVWUDWH KRZ FKDQJHV LQ WKHVH SDUDPHWHUV DoHFW FXVWRPHU OR\DOW\ DQG ZH XVH WKH
H[SUHVVLRQV GHYHORSHG LQ WKLV SDSHU DV WKH EDVLV IRU QRUPDWLYH PRGHOV LQWHQGHG WR KHOS VXSSOLHUV WR
GHYHORS HoHFWLYH PDUNHWLQJ DQG RSHUDWLQJ VWUDWHJLHV
7KH UHPDLQGHU RI WKH SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  UHYLHZV UHODWHG UHVHDUFK DQG [
SURYLGHV VRPH UHOHYDQW EDFNJURXQG RQ H[SRQHQWLDO IDPLOLHV RI GLVWULEXWLRQV $IWHU WKHVH SUHOLPL
QDULHV ZH GHYHORS RXU PRGHO LQ [D Q G[  ,Q [ ZH FKDUDFWHUL]H WKH GXUDWLRQ RI FXVWRPHU OR\DOW\
LQ WKH VKRUW UXQ DQG LQ [ ZH FKDUDFWHUL]H UHODWLYH FKRLFH IUHTXHQFLHV LQ WKH ORQJ UXQ )LQDOO\ [
GLVFXVVHV WKH UREXVWQHVV RI RXU PRGHO DV ZHOO DV IXUWKHU UHVHDUFK DQG UHVXOWV
 /LWHU DWXU H 5HYLHZ
2YHU WKH \HDUV WKHUH KDYH EHHQ DWWHPSWV WR H[SOLFLWO\ PRGHO WKH HoHFW RI SRRU TXDOLW\ RQ WKH
GLVWULEXWLRQ RI GHPDQG $Q HDUO\ H[DPSOH LV 6FKZDUW] >  @ ZKR GHYHORSV DQ LQYHQWRU\ PRGHO
LQ ZKLFK D VWRFNRXW FDXVHV D VKRUWWHUP UHGXFWLRQ LQ GHPDQG GXH WR FXVWRPHU GLVVDWLVIDFWLRQ DQG
WKLV HoHFW JUDGXDOO\ UHFHGHV DV FXVWRPHUV ?IRUJHW WKH VWRFNRXW DQG GULIW EDFN WR WKHLU UHJXODU RUGHU
VL]H 7KLV PRGHO RI GLVVDWLVIDFWLRQ DQG IRUJHWWLQJ GRHV QRW DJUHH ZLWK WKH OHDUQLQJ SURFHVV WKDW ZH
EHOLHYH XQGHUOLHV FRQVXPHU UHDFWLRQV WR XQFHUWDLQ TXDOLW\
2WKHU LQYHQWRU\ PRGHOV KDYH PRGHOHG WKH HoHFW RI VWRFNRXWV RQ WKH DJJUHJDWH GLVWULEXWLRQ RI
GHPDQG IDFLQJ DQ LQGLYLGXDO VXSSOLHU %DOFHU > @ )HUJDQL >@ DQG 5RELQVRQ >@ GHYHORS PRGHOV
LQ ZKLFK FXUUHQW VWRFNRXWV QHJDWLYHO\ DoHFW WKH QH[W SHULRG
V GHPDQG GLVWULEXWLRQ ,Q DOO RI WKHVH
PRGHOV WKH DQDO\VLV EHJLQV ZLWK WKH SRVWXODWLRQ RI WKH EHKDYLRU RI DJJUHJDWH GHPDQG KRZHYHU
7KH\ GR QRW LQFOXGH GHWDLOHG FRQVLGHUDWLRQ RI LQGLYLGXDO FRQVXPHUV
 EHKDYLRU
7KHUH LV DOVR D VWUHDP RI JDPHWKHRUHWLF DQDO\VHV RI TXHXHLQJ V\VWHPV WKDW DGGUHVVHV WKH IDFW
WKDW FXVWRPHUV PD\ DGDSW WR V\VWHP FRQJHVWLRQ RIWHQ E\ EDONLQJ RU E\ DEDQGRQLQJ WKH TXHXH EHIRUH
WKH\ DUH SURYLGHG VHUYLFH (DUOLHU H[DPSOHV RI WKLV ZRUN VXFK DV WKDW E\ 0HQGHOVRQ DQG :KDQJ
>@ DQG 6WLGKDP >@ DQDO\]H WKH FDVH RI D PRQRSROLVW VHUYLFH SURYLGHU /DWHU ZRUN VXFK DV WKDW RI
.DODL HW DO >@ /L DQG /HH >@ /HGHUHU DQG /L >@ DQG +R DQG =KHQJ >@ SHUIRUP DQDO\VHV WKDW
FDSWXUH ZHOO WKH FRPSHWLWLYH H[WHUQDOLWLHV WKDW DoHFW D pUP
V FKRLFH RI VHUYLFH OHYHO $OO RI WKHVH
ZRUNV DVVXPH WKDW FRQVXPHUV DUH ZHOOLQIRUPHG DERXW WKH H[SHFWHG ZDLWV DW VXSSOLHU
 TXHXHV
DQG WKDW DW HDFK DUULYDO WR WKH PDUNHW WKH FRQVXPHU VLPSO\ FKRRVHV WKH TXHXH WKDW PD[LPL]HV
KHU H[SHFWHG XWLOLW\ ,Q RXU PRGHO KRZHYHU WKHUH LV DQ LPSRUWDQW LQIRUPDWLRQ DV\PPHWU\ WKH
FRQVXPHU LV QRW ZHOOLQIRUPHG DERXW WKH XWLOLW\ WR EH REWDLQHG 5DWKHU VKH PXVW FKRRVH DPRQJ
VXSSOLHUV RQ WKH EDVLV RI KHU VXEMHFWLYH EHOLHIV UHJDUGLQJ WKH GLVWULEXWLRQ RI XWLOLW\ WKDW WKH\ RoHU
7ZR PRUH JHQHUDO PRGHOV GR DWWHPSW WR PRUH H[SOLFLWO\ WUHDW WKH HoHFW RI LQIRUPDWLRQ DV\P
PHWULHV EHWZHHQ VXSSOLHU DQG FRQVXPHU 6PDOOZRRG DQG &RQOLVN >@ GHYHORS D PRGHO LQ ZKLFK
FRQVXPHUV UHDFW WR D SURGXFW IDLOXUH E\ VZLWFKLQJ WR D FRPSHWLWRU DQG WKH\ FKDUDFWHUL]H HTXLOLE
ULXP PDUNHW VKDUHV IRU FRPSHWLWRUV WKDW DUH EDVHG RQ ERWK WKH FRPSHWLWRUV
 EUHDNGRZQ SUREDELOLWLHV
DQG WKH FRQVXPHUV
 VZLWFKLQJ UXOHV 0RUH UHFHQWO\ +DOO DQG 3RUWHXV >@ GHYHORS D VLPLODU PRGHO
LQ ZKLFK LQYHQWRU\ DQG TXHXHLQJ V\VWHPV FRPSHWH RQ WKH EDVLV RI VHUYLFH TXDOLW\ 7KH\ VKRZ WKDW
ZKHQ RQH pUP KDV DQ DGYDQWDJH RI PRUH OR\DO FXVWRPHU
V ^ ZLWK ORZHU SUREDELOLWLHV RI VZLWFKLQJ
X S R QDV H U Y L F HI D L O X U H^W K H QL WL VR S W L P D OI R UW K Hp U PW RR o H UDO R Z H UO H Y H OR IT X D O L W \ : K L O HE R W KR I
WKHVH PRGHOV DUH FORVH LQ VSLULW WR RXUV WKH\ GLoHU LQ WKDW WKH\ PRGHO FXVWRPHU VZLWFKLQJ EHKDYLRU
^ OR\DOW\ ^ DV H[RJHQRXVO\ GULYHQ :H ZLVK WR XQGHUVWDQG ZKDW GULYHV OR\DOW\ LQ WKH pUVW SODFH
DQG RXU PRGHO DWWHPSWV WR VKRZ KRZ OR\DOW\ LV PHGLDWHG E\ FXVWRPHU OHDUQLQJ
7KHUH LV DOVR UHVHDUFK LQ WKH HFRQRPLFV OLWHUDWXUH WKDW PRUH GLUHFWO\ PRGHOV WKH HoHFW RI OHDUQLQJ
RQ FRQVXPHU FKRLFH 3DSHUV E\ +H\ DQG 0F.HQQD >@ $OOHQ DQG )DXOKDEHU > @ DQG 7KRPDQ
>@ PRGHO FXVWRPHU OHDUQLQJ DV WDNLQJ SODFH LQ RQH WULDO $V D UHVXOW WKH\ GR QRW SURYLGH LQVLJKW
WKDW ZH VHHN LQWR WKH HoHFW RI WKH GLVWULEXWLRQ RI TXDOLW\ RQ WKH GXUDWLRQ RI FXVWRPHU OR\DOW\ ,Q
FRQWUDVW %HUJHPDQQ DQG 9 DOLP DNL >@ GHYHORS DQ LQpQLWH KRUL]RQ PRGHO +HUH KRZHYHU ERWK
VXSSOLHUV DQG WKH FRQVXPHU VKDUH WKH VDPH SULRU GLVWULEXWLRQV FRQFHUQLQJ TXDOLW\ ,Q RXU PRGHO RI
FRQVXPHU OHDUQLQJ LQ FRQWUDVW LQIRUPDWLRQ DV\PPHWULHV EHWZHHQ D VXSSOLHU DQG LWV FXVWRPHUV DUH
WKH IRXQGDWLRQ IRU TXDOLW\ FRPSHWLWLRQ
)LQDOO\ WKHUH DUH EUDQGVZLWFKLQJ PRGHOV LQ WKH PDUNHWLQJ OLWHUDWXUH WKDW H[SOLFLWO\ DFFRXQW
IRU ERWK FRQVXPHU OHDUQLQJ DQG XQFHUWDLQW\ LQ SURGXFW TXDOLW\ 7KH ZRUN RI *LOERD DQG 3D]JDO
>@ IDOOV LQWR WKLV FDWHJRU\ ,Q DGGLWLRQ SDSHUV E\ 5REHUWV DQG 8UEDQ >@ DQG (UGHP DQG .HDQH
>@ GHYHORS PRGHOV LQ ZKLFK %D\HVLDQ OHDUQLQJ DERXW SURGXFW DWWULEXWHV LV HPEHGGHG ZLWKLQ 01/
UHSUHVHQWDWLRQV RI FRQVXPHU FKRLFH :KLOH WKH %D\HVLDQ OHDUQLQJ GHVFULEHG LQ WKHVH SDSHUV LV
DQDORJRXV WR WKH OHDUQLQJ GHYHORSHG LQ RXU PRGHO WKHLU XVH RI 01/EDVHG FKRLFH LV QRW DSSURSULDWH
LQ RXU VHWWLQJ 1HLWKHU RI WKH WZR SRVVLEOH VRXUFHV RI *XPEHOGLVWULEXWHG QRLVH LQ XWLOLW\ WKDW
PRWLYDWH WKH 01/ PRGHO LV SUHVHQW LQ RXU FDVH VHH $QGHUVRQ HW DO >@ )LUVW UDQGRPQHVV LQ
UHDOL]HG XWLOLWLHV LV DOUHDG\ H[SOLFWO\ UHSUHVHQWHG LQ D TXLWH JHQHUDO IDVKLRQ LQ RXU PRGHO IRU WKH
FRQVXPHU WKHUH DUH QR XWLOLW\ ?H[WHUQDOLWLHV WKDW ZRXOG JHQHUDWH DGGLWLRQDO QRLVH 6HFRQG ZH DUH
QRW LQWHUHVWHG LQ HPSLULFDOO\ HVWLPDWLQJ XWLOLWLHV RU WKH FKRLFH SUREDELOLWLHV RI DQ\ RQH VHOHFWLRQ VR
ZH GR QRW QHHG WR DFFRXQW IRU QRLVH WKDW DULVHV GXH PHDVXUHPHQW HUURU
 ( [SRQHQWLDO )DPLOLHV RI 'LVWU LEXWLRQV
:KLOH RXU IXQGDPHQWDO UHVXOWV KROG ZLWKRXW UHJDUG WR GLVWULEXWLRQDO IRUP ZH ZLOO VRPHWLPH H[WHQG
WKHP E\ DVVXPLQJ WKDW FHUWDLQ GLVWULEXWLRQV DUH PHPEHUV RI DQ H[SRQHQWLDO IDPLO\ $ GLVWULEXWLRQ
WKDW FRPHV IURP DQ H[SRQHQWLDO IDPLO\ LQGH[HG E\ v  d PD\ EH GHpQHG DV
G)[Mv
￿





Hv[G)[L VW K HFXPXODQW JHQHUDWLQJ IXQFWLRQ RI VRPH QRQGHJHQHUDWH GLVWULEXWLRQ
IXQFWLRQ ) 0RVW FRPPRQO\ XVHG GLVWULEXWLRQDO IRUPV DUH H[SRQHQWLDO IDPLOLHV ([DPSOHV RI RQH
GLPHQVLRQDO IDPLOLHV LQFOXGH WKH IROORZLQJ %HUQRXOOL H[SRQHQWLDO 3RLVVRQ QRUPDO ZLWK PHDQ v
D Q Gp [ H GY D U L D Q F H D Q GQ R U P D OZ L W Kp [ H GP H D QD Q GY D U L D Q F Hv 
$ UDQGRP YDULDEOH ; ZKRVH GLVWULEXWLRQ FRPHV IURP D RQHGLPHQVLRQDO H[SRQHQWLDO IDPLO\
LQGH[HG E\ SDUDPHWHU v  d v 5 KDV PHDQ (v>;@   ￿ v  DQG YDULDQFH YDUv;   ￿￿v 7KXV
ZKHQHYHU WKH XQGHUO\LQJ IDPLO\ RI GLVWULEXWLRQV LV QRW GHJHQHUDWH cL VV W U L F W O \F R Q Y H [ D Q GW K H
PHDQ ￿c LV D PRQRWRQLFDOO\ LQFUHDVLQJ IXQFWLRQ RI v
5HFDOO WKDW WKH OLNHOLKRRG UDWLR RI GLVWULEXWLRQ )￿ ZLWK UHVSHFW WR GLVWULEXWLRQ )￿ G)￿[ G)￿[
GHVFULEHV WKH FRQGLWLRQDO RGGV JLYHQ WKH REVHUYDWLRQ [W K D W;LV GHpQHG E\ )￿ UDWKHU WKDQ )￿
)XUWKHUPRUH WKH OLNHOLKRRG UDWLR LV PRQRWRQH LI LW LV QRQLQFUHDVLQJ RU QRQGHFUHDVLQJ LQ [, WL VD
IDFW WKDW IRU WZR GLVWULEXWLRQV WKDW DUH PHPEHUV RI WKH VDPH RQHGLPHQVLRQDO H[SRQHQWLDO IDPLO\
WKH OLNHOLKRRG UDWLR LV PRQRWRQH
/HPPD 




  HI￿v￿bv￿￿[b￿￿￿v￿￿b￿￿v￿￿￿J 
LV QRQLQFUHDVLQJ LQ [
 $ 0 RGHO RI D % D\HVLDQ &RQVXPHU
:H EHJLQ E\ GHYHORSLQJ D PRGHO RI D %D\HVLDQ FRQVXPHU
V UHVSRQVH WR XQFHUWDLQ TXDOLW\ :KLOH ZH
ZLOO QRW GLUHFWO\ DQDO\]H WKLV %D\HVLDQ PRGHO LW SURYLGHV DQ LPSRUWDQW pUVW VWHS LQ WKH GHYHORS
PHQW RI RXU PRGHO RI D PRUH P\RSLF ?VLPSOH FXVWRPHU )XUWKHUPRUH KDYLQJ FOHDUO\ GHpQHG WKH
%D\HVLDQ FRQVXPHU
V UHVSRQVH ZH ZLOO EH DEOH WR RoHU D ULFK FRQWUDVW EHWZHHQ LW DQG RXU PRGHO RI
FRQVXPHU EHKDYLRU
 7 KH 6XSSOLHU V DQG 7 KHLU &KRLFHV RI 4XDOLW\ /HYHO
$ FRQVXPHU KDV D SHULRGLF QHHG IRU D SURGXFW RU VHUYLFH DQG DW UHJXODU WLPH LQWHUYDOV W    
VKH DFTXLUHV WKH JRRG IURP RQH RI P SRVVLEOH VXSSOLHUV LQGH[HG L I  PJ %HFDXVH WKHUH
LV LQKHUHQW XQFHUWDLQW\ LQ WKH SURFHVV RI GHOLYHULQJ WKH SURGXFW RU VHUYLFH WKH XWLOLW\ RI WKH JRRG
VXSSOLHG WR WKH FRQVXPHU DW D WLPH W LV D UDQGRP YDULDEOH 8W
:KLOH WKH TXDOLW\ RI HDFK LWHP RU VHUYLFH HQFRXQWHU LV XQFHUWDLQ D VXSSOLHU FDQ FRQWURO WKH
RYHUDOO OHYHO RI WKH XWLOLW\ LW SURYLGHV DQG IRU HDFK VXSSOLHU WKLV FKRLFH RI D ?TXDOLW\ OHYHO PDQLIHVWV
LWVHOI LQ WKH FKRLFH RI D GLVWULEXWLRQ IRU 8W/ H Wdv5EH WKH VHW RI GLVWULEXWLRQV IURP ZKLFK HDFK
RI WKH VXSSOLHUV FKRRVHV 7KH VHW PD\ EH pQLWH RU FRXQWDEOH RU LW PD\ UHSUHVHQW D FRQWLQXXP RI
FKRLFHV
:H DVVXPH WKDW HDFK SURYLGHU
V FKRLFH RI TXDOLW\ OHYHO LV D VWUDWHJLF GHFLVLRQ 7KDW LV VXSSOLHU
L PXVW FKRRVH LWV SDUWLFXODU OHYHO RI TXDOLW\ vL  d LQGHSHQGHQWO\ RI LWV FRPSHWLWRUV EHIRUH
FRQVXPHUV HQWHU WKH PDUNHW :H OHW }W GHQRWH WKH VXSSOLHU FKRVHQ E\ WKH FRQVXPHU DW WLPH W DQG
DVVXPH WKDW JLYHQ D p[HG vL WKH XWLOLWLHV REWDLQHG IURP VXSSOLHU L I8W  }W L J D U HLLGZLWK
GLVWULEXWLRQ )vL
￿
  )XMvL :H DOVR DVVXPH WKDW WKH GLVWULEXWLRQV SDUDPHWHUL]HG E\ v  dD U H
RUGHUHG VR WKDW vL y vM LPSOLHV WKDW WKH (>8WM}W L @y( > 8 WM }  W  M @
 7 KH &RQVXPHU 
V 5HVSRQVH WR 8QFHU WDLQ 4XDOLW\
7KH FRQVXPHU LV DZDUH RI WKH QDWXUH RI WKH VXSSO\ SURFHVV GHVFULEHG DERYH WKRXJK VKH GRHV QRW
NQRZ ZKDW v
V WKH VXSSOLHUV KDYH FKRVHQ (DFK WLPH VKH UHWXUQV WR WKH PDUNHWSODFH VKH XVHV WKH
LQIRUPDWLRQ VKH KDV DFTXLUHG WKURXJK SDVW VDPSOHV RI WKH SURYLGHUV
 SHUIRUPDQFH WR GHFLGH DQHZ
KHU FKRLFH RI pUP
0RUH IRUPDOO\ WKH FRQVXPHU YLHZV HDFK vL DV D UDQGRP YDULDEOH DQG IRU HDFK SURYLGHU VKH
PDLQWDLQV D SUREDELOLW\ GLVWULEXWLRQ RI vL 3L
Wv WKDW UHSUHVHQWV KHU XQGHUVWDQGLQJ DW WLPH W RI WKH
XWLOLW\ GLVWULEXWLRQ XQGHU ZKLFK VKH EHOLHYHV WKH VXSSOLHU WR EH RSHUDWLQJ /HW I3￿
￿3P
￿ JEH WKH
?SULRU LQIRUPDWLRQ WKH FRQVXPHU KDV DV VKH HQWHUV WKH PDUNHW IRU WKH pUVW WLPH
$IWHU HDFK FRQWDFW VKH XVHV WKH QHZ VDPSOH RI XWLOLW\ 8W DQG %D\HV UXOH WR XSGDWH WKLV EHOLHI










,I }W   L WKHQ G3L
Wv G3L
Wb￿v
/HW D SROLF\ }   I}} JEH D VHTXHQFH RI FKRLFHV RI VXSSOLHUV DQG OHW g EH WKH FODVV
RI SROLFLHV WKDW LV QRQDQWLFLSDWLQJ ZLWK UHVSHFW WR IXWXUH UHZDUGV 7KHQ WKH FRQVXPHU VHHNV D
SROLF\ }  g WKDW ZLOO PD[LPL]H WKH H[SHFWHG GLVFRXQWHG YDOXH RI WKH IXWXUH VWUHDP RI XWLOLWLHV
VXS}￿g (}
d3￿
W ￿ oW 8W
e
Z K H U Ho LV WKH RQHSHULRG GLVFRXQW UDWH
 7 KH &RQVXPHU 
V 3 U REOHP DV D 0 XOWL$U PHG % DQGLW
,W LV ZHOO NQRZQ WKDW IRU DQ\ p[HG VHW RI VHUYLFH OHYHOV Iv￿vPJ DQG SULRUV I3￿
￿3P
￿ JW K H
FRQVXPHU
V SUREOHP FDQ EH UHSUHVHQWHG DV D 0XOWL$UPHG %DQGLW +HUH HDFK VXSSOLHU UHSUHVHQWV
DQ DUP DQG 3L
W WKH DUP
V VWDWH DW WLPH W$ U PL 
V VWDWH HYROYHV RQO\ DW HSRFKV }W L D WZ K L F K
WKH DUP LV SOD\HG DQG IURP  ZH VHH WKDW ZKHQ WKH DUP LV SOD\HG LWV HYROXWLRQ LV 0DUNRY
*LWWLQV DQG -RQHV >@ VKRZHG WKDW  IRU HDFK VXSSOLHU L WKH FRQVXPHU PD\ FRQVWUXFW DQ LQGH[
FRPPRQO\ FDOOHG WKH *LWWLQV LQGH[ ZKLFK LV FDOFXODWHG LQGHSHQGHQWO\ RI WKH LQIRUPDWLRQ FRQFHUQLQJ
WKH RWKHU VXSSOLHUV  DW DQ\ WLPH W LW LV RSWLPDO IRU WKH FRQVXPHU WR XVH WKH VXSSOLHU ZLWK WKH
KLJKHVW *LWWLQV LQGH[
*LWWLQV >@ IXUWKHU FKDUDFWHUL]HG WKH LQGH[ RI VXSSOLHU L DV WKH UHVXOW RI PD[LPL]LQJ H[SHFWHG
GLVFRXQWHG XWLOLW\ SHU XQLW RI H[SHFWHG GLVFRXQWHG WLPH
*3L























ZKHUH L LV D VWRSSLQJ WLPH ZLWK UHVSHFW WR WKH KLVWRU\ RI WKH SURFHVV WKURXJK WLPH W b  DQG
WKH QRWDWLRQ 83L
Vb￿ HPSKDVL]HV WKH IDFW WKDW WKH PDUJLQDO VXEMHFWLYH GLVWULEXWLRQ RI XWLOLW\ DW
V b  LV D IXQFWLRQ RI WKH GLVWULEXWLRQ RQ WKH FRQVXPHU
V EHOLHI DW WKH WLPH
2EVHUYH WKDW WKH FKDUDFWHUL]DWLRQ RI WKH *LWWLQV LQGH[ LV WKDW RI DQ RSWLPDO VWRSSLQJ SUREOHP
IRU WKH FRQVXPHU
V XVH RI VXSSOLHU L )XUWKHUPRUH WKH YDOXH RI WKH *LWWLQV LQGH[ H[SOLFLWO\ DFFRXQWV
IRU WKH IDFW WKDW WKH FRQVXPHU KDV WKH RSWLRQ WR VWRS VDPSOLQJ IURP L D Q GV Z L W F KW RD Q R W K H UV X S S O L H U




V W￿￿ oVbW (>83L
W@
3￿
V W￿￿ oVbW   (>83L
W@  
DQG WKH LQHTXDOLW\ LV OLNHO\ WR EH VWULFW
7R PD[LPL]H KHU H[SHFWHG GLVFRXQWHG XWLOLW\ WKH FRQVXPHU FDQ LQ WKHRU\ IROORZ WKLV VLPSOH
DOJRULWKP )LUVW FDOFXODWH WKH *LWWLQV LQGLFHV RI DOO P VXSSOLHUV 6HFRQG FKRRVH WKH VXSSOLHU L
ZLWK WKH ODUJHVW *3L
WD Q GV D P S O HI U R PLXQWLO WKH VWRSSLQJ WLPH L LV UHDFKHG 7KHQ XVLQJ WKH
QHZ VDPSOH LQIRUPDWLRQ UHFDOFXODWH WKH *LWWLQV LQGH[ IRU L D Q GJ RE D F NW RV W H SW Z R 
,Q SUDFWLFH WKH FDOFXODWLRQ RI WKH *LWWLQV LQGH[ LV D IRUPLGDEOH WDVN ,Q SDUWLFXODU WKH VWDWH
VSDFH RI D JHQHUDO %D\HVLDQ EDQGLW DV LW HYROYHV FRYHUV WKH VHW RI DOO SRVVLEOH VHTXHQFHV RI SRVWHULRU
GLVWULEXWLRQV JHQHUDWHG E\ VDPSOH SDWKV RI WKH UHZDUG SURFHVV )URP D SUHVFULSWLYH VWDQGSRLQW WKLV
SRVHV D FRPSXWDWLRQDO SUREOHP IRU UDWLRQDO GHFLVLRQ PDNHUV ZKR DUH IDFHG ZLWK %DQGLW SUREOHPV
DQG RYHU WKH \HDUV HoRUW KDV EHHQ LQYHVWHG LQ GHYHORSLQJ HoHFWLYH VLPSOH FRPSXWDEOH DSSUR[L
PDWLRQV WR WKH *LWWLQV LQGH[ IRU H[DPSOH VHH /DL DQG &KDQJ >@
 $ 0 RGHO RI D ?6LPSOH &RQVXPHU
)RU RXU SXUSRVHV GLrFXOW\ FDOFXODWLQJ WKH *LWWLQV LQGH[ DOVR SRVHV D GHVFULSWLYH SUREOHP 7KDW LV
LI WKH *LWWLQV LQGH[ LV VR GLrFXOW WR FDOFXODWH FDQ ZH EHOLHYH WKDW FRQVXPHUV EHKDYH ?DV LI WKH\
DUH FDOFXODWLQJ WKHP"
,Q IDFW WKH HPSLULFDO ZRUN GHVFULEHG LQ WKH LQWURGXFWLRQ VXJJHVWV WKDW SHRSOH GLVSOD\ V\VWHPDWLF
ELDVHV DZD\ IURP SXUHO\ %D\HVLDQ EHKDYLRU 2XU DSSURDFK WR PRGHOLQJ WKH SUREOHP LV WR VLPSOLI\
WKH FRQVXPHU
V GHFLVLRQ PDNLQJ SURFHVV LQ D ZD\ WKDW UHVXOWV LQ DQ DQDO\WLFDOO\ WUDFWDEOH VWUXFWXUH
WKDW LV FRQVLVWHQW ZLWK WKHVH ELDVHV
:H UHIHU WR WKLV PRGHO DV RQH RI D VLPSOH FRQVXPHU E H F D X V H D VZ HV K D O OV H H L WL VD Q D O R J R X VW R
WKH FDVH RI D RQHVLGHG WHVW RI D VLPSOH K\SRWKHVLV LQ VHTXHQWLDO DQDO\VLV .HHQHU >@ KDV SUHYLRXVO\
FDOOHG D VSHFLDO FDVH RI WKLV SUREOHP WKH PXOWLDUPHG EDQGLW ZLWK ?VLPSOH DUPV
7KH PRGHO IRU VLPSOH FRQVXPHUV ZRUNV DV IROORZV $V LQ WKH RULJLQDO PRGHO HDFK RI WKH P VXS
SOLHUV FKRRVHV D TXDOLW\ OHYHO vL  d 5DWKHU WKDQ PDLQWDLQLQJ D FRPSOH[ VHW RI EHOLHIV FRQFHUQLQJ
VXSSOLHUV KRZHYHU WKH FXVWRPHU SDUWLWLRQV WKH SRVVLEOH TXDOLW\ OHYHOV LQWR WZR FDWHJRULHV ^ JRRG
DQG EDG ^ ZLWK UHVSHFWLYH XWLOLW\ GLVWULEXWLRQV )* DQG )% )RU HDFK VXSSOLHU WKH FRQVXPHU PDLQ
WDLQV LQ WXUQ D EHOLHI GLVWULEXWLRQ WKDW LV VROHO\ WKH SUREDELOLW\ WKDW WKH VXSSOLHU LV JRRG RU EDG
7KXV UDWKHU WKDQ MXGJLQJ KRZ JRRG RU EDG D VXSSOLHU LV WKH FRQVXPHU
V SUREOHP LV PRUH VLPSO\
WR GHFLGH ZKHWKHU D VXSSOLHU LV JRRG RU EDG $W DQ\ WLPH W WKH FRQVXPHU P\RSLFDOO\ FKRRVHV WKH
VXSSOLHU WKDW KDV WKH KLJKHVW SUREDELOLW\ RI EHLQJ JRRG
/HW WKH SL
W EH WKH FRQVXPHU
V VXEMHFWLYH SUREDELOLW\ DW WLPH W WKDW VXSSOLHU L LV JRRG DQG FRQVLGHU
D VHTXHQFH RI YLVLWV WR VXSSOLHU L LQ ZKLFK XWLOLWLHV I8￿8 ￿J DUH REWDLQHG 7KHQ IURP D GLUHFW
DSSOLFDWLRQ RI %D\HV






















￿ GHQRWHV WKH FRQVXPHU
















 5HODWLRQVKLS % HWZHHQ % D\HVLDQ DQG 6LPSOH &RQVXPHU V
:KHQ WKH VXSSOLHUV
 FKRLFHV RI TXDOLW\ OHYHOV DUH WKHPVHOYHV VLPSOH ^ d   Iv%v *J ^W K H QW K H
ELQDU\ QDWXUH RI DOWHUQDWLYHV DOVR OHDGV WR D IXQGDPHQWDO VLPSOLpFDWLRQ RI WKH FDOFXODWLRQ RI WKH
*LWWLQV LQGH[ DQG WKH VLPSOH FRQVXPHU
V P\RSLF SROLF\ LV RSWLPDO
7KHRUHP  .HHQHU >@ DQG %DQNV DQG 6XQGDUDP >@
6XSSRVH d I v %v *J 7KHQ WKH *LWWLQV LQGH[ RI VXSSOLHU L *L
W LV PRQRWRQLFDOO\ LQFUHDVLQJ ZLWK
WKH SUREDELOLW\ WKDW L LV JRRG SL
W
(YHQ ZKHQ d LV PRUH FRPSOH[ WKDQ Iv%v *J LI WKH FRQVXPHU RQO\ EHOLHYHV d   Iv%v *J RU
FDQ RQO\ SHUFHSWXDOO\ GLVFULPLQDWH RQ WKH EDVLV RI d   Iv%v *J WKHQ LW LV RSWLPDO IRU KHU WR DFW
P\RSLFDOO\ 7KXV IRU D VLPSOH FRQVXPHU P\RSLF FKRLFH EHKDYLRU UHSUHVHQWV WKH UDWLRQDO UHVSRQVH
WR DQ LQDELOLW\ WR GLVWLQJXLVK DPRQJ PDQ\ GLoHUHQW TXDOLW\ GLVWULEXWLRQV UDWKHU WKDQ DQ LQKHUHQW
LQDELOLW\ WR ZHLJK WKH IXWXUH FRQVHTXHQFHV RI FXUUHQW FKRLFHV
 0 RGHOLQJ )* DQG )%
7KH GLVWULEXWLRQV )* DQG )% QHHG QRW EH WZR PHPEHUV RI WKH VDPH FODVV RI GLVWULEXWLRQV 0DWKH
PDWLFDOO\ WKH\ QHHG RQO\ EH PXWXDOO\ DEVROXWHO\ FRQWLQXRXV RWKHUZLVH WKH\ PD\ GLoHU DUELWUDULO\
IURP HDFK RWKHU 3V\FKRORJLFDOO\ WKH\ UHSUHVHQW WKH FRQVXPHU
V ?H[HPSODUV RI JRRG DQG EDG TXDO
LW\ GLVWULEXWLRQV DQG WKHVH H[HPSODUV QHHG QRW KDYH D GLUHFW UHODWLRQVKLS WR d )RU H[DPSOH WKH
FRQVXPHU
V H[SHFWDWLRQV IRU RQH VHW RI VXSSOLHUV ZKR FKRRVH DPRQJ TXDOLW\ OHYHOV LQ d PD\ KDYH
EHHQ GHYHORSHG WKURXJK KHU H[SHULHQFH ZLWK DQRWKHU VHW RI VXSSOLHUV ZKRVH TXDOLW\ FKRLFHV PD\
KDYH EHHQ GLoHUHQW WKDQ d 1HYHUWKHOHVV WKHUH DUH WZR PHWKRGV WKDW D FRQVXPHU PLJKW LQWXLWLYHO\
XVH d WR FRQVWUXFW )* DQG )% ERWK RI ZKLFK RULJLQDWHG ZLWK :DOG >@ LQ WKH 
V
0HWKRG  $Q HOHPHQWDU\ PHWKRG RI FRQVWUXFWLQJ WKH GLVWULEXWLRQV ZRXOG EH WR SLFN WZR HOH
PHQWV RI d v* DQG v% WKDW UHSUHVHQW WKUHVKROGV IRU MXGJLQJ ZKHWKHU RU QRW VXSSOLHU L
V SHUIRUPDQFH
LV DFFHSWDEOH ,I WKH FRQVXPHU ZHUH WR NQRZ ZLWK FHUWDLQW\ WKDW vL y v* WKHQ VKH ZRXOG EH VDWLVpHG
ZLWK L
V OHYHO RI TXDOLW\ DQG VKH ZRXOG UHPDLQ OR\DO IRU DOO WLPH &RQYHUVHO\ LI VKH ZHUH WR NQRZ
WKDW vL x v% WKHQ WKH FRQVXPHU ZRXOG EH GLVVDWLVpHG DQG LI JLYHQ D IDYRUDEOH DOWHUQDWLYH ZRXOG
GHIHFW LPPHGLDWHO\
0HWKRG  $ PRUH HODERUDWH PHWKRG ZRXOG XVH WKH SULRU 3L
￿R IW K H% D \ H V L D QP R G H OR I[  WR
FRQVWUXFW WKH WZR PDUJLQDO GLVWULEXWLRQV )* DQG )%+ H U Hv ePLJKW UHSUHVHQW D WKUHVKROG DERYH


















,Q HLWKHU FDVH LI WKH XQGHUO\LQJ IDPLO\ RI GLVWULEXWLRQV SDUDPHWHUL]HG E\ v KDYH PRQRWRQH
OLNHOLKRRG UDWLRV WKHQ )% DQG )* ZLOO DV ZHOO 7KDW LV
/HPPD 
6XSSRVH WKH FRQVXPHU FRQVWUXFWV )* DQG )% XVLQJ HLWKHU 0HWKRG  RU 0HWKRG  ,I vL v M LPSOLHV
G)XMvL G)XMvM LV QRQLQFUHDVLQJ LQ X IRU DOO vLv M dW K H QG)%X G)*X LV QRQLQFUHDVLQJ
LQ X
3URRI
)RU 0HWKRG  PRQRWRQLFLW\ KROGV GLUHFWO\ E\ DVVXPSWLRQ )RU 0HWKRG  VHH 7KHRUHP & RI
6KDNHG DQG 6KDQWKLNXPDU >@ q
7RJHWKHU /HPPDV  DQG  VKRZ WKDW ZKHQHYHU )% DQG )* D U HP H P E H U VR IW K HV D P HR Q H 
GLPHQVLRQDO H[SRQHQWLDO IDPLO\ RI GLVWULEXWLRQV WKHQ G)%X G)*X LV PRQRWRQLFDOO\ GHFUHDVLQJ
LQ X )RU D FRQVXPHU DWWHPSWLQJ WR GLVFHUQ EHWZHHQ JRRG DQG EDG TXDOLW\ WKLV PRQRWRQLFLW\ LV ERWK
D QDWXUDO DQG DSSHDOLQJ SURSHUW\ IRU WKH OLNHOLKRRG UDWLR WR KDYH :KHQ WKH UDWLR G)%X G)*X
LV QRQLQFUHDVLQJ LQ XW K H QDEHWWHU H[SHULHQFH DW D VXSSOLHU ZLOO FRQVLVWHQWO\ OHDG WKH FRQVXPHU WR
EHOLHYH WKDW WKH VHUYLFH SURYLGHU LV PRUH OLNHO\ WR EH ?JRRG
:H QRWH WKDW WKLV OLNHOLKRRG UDWLR UHSUHVHQWDWLRQ RI FRQVXPHU UHVSRQVH LV FRQVLVWHQW ZLWK WKH
HOHPHQWV WKRXJK QRW WKH PDWKHPDWLFDO VWUXFWXUH RI WKH VDWLVIDFWLRQ PRGHO GHYHORSHG E\ %RXOGLQJ
HW DO >@ 0RUH VSHFLpFDOO\ WKH SUREDELOLW\ SL
Wb￿ UHSUHVHQWV WKH FRQVXPHU
V EHOLHI EHIRUH WKH
WWK WULDO FRQFHUQLQJ WKH OHYHO RI TXDOLW\ WKDW VXSSOLHU L ZLOO RoHU $W WKH WWK VHUYLFH HQFRXQWHU
WKH FRQVXPHU XSGDWHV KHU MXGJPHQW RI KHU VDWLVIDFWLRQ SL
W GLUHFWO\ WKURXJK WKH OLNHOLKRRG UDWLR
G)%8W G)*8W ZKLFK FRPSDUHV WKH DFWXDO TXDOLW\ UHFHLYHG WR KHU FRQFHSWLRQ RI ZKDW D VXSSOLHU
VKRXOG RoHU D UHDOL]DWLRQ RI G)%8W G)*8W WKDW LV JUHDWHU WKDQ RQH LV HYLGHQFH WKDW WKH VXSSOLHU
LV EDG UDWKHU WKDQ JRRG DQG FDXVHV D GHFUHDVH LQ KHU SRVWHULRU MXGJPHQW RI VDWLVIDFWLRQ SL
WD
UHDOL]DWLRQ RI G)%8W G)*8W WKDW LV OHVV WKDQ RQH LV HYLGHQFH WKDW WKH VXSSOLHU LV JRRG UDWKHU
WKDQ EDG DQG FDXVHV DQ LQFUHDVH LQ KHU SRVWHULRU MXGJPHQW RI VDWLVIDFWLRQ
 7 KH 'XU DWLRQ RI &XVWRPHU /R\DOW\
.HHQHU >@ H[SORLWV WKH IDFW WKDW %DQGLW SUREOHPV DUH RQHVLGHG 6357
V WR GHYHORS DQ H[SOLFLW
FORVHGIRUP H[SUHVVLRQ IRU WKH *LWWLQV LQGH[ WKDW LV PRQRWRQLFDOO\ LQFUHDVLQJ LQ SL
W, QW K HF D V HR I
D VLPSOH FRQVXPHU WKH SUREDELOLW\ PD\ EH XVHG DV D VDWLVIDFWLRQ RU *LWWLQV LQGH[ DQG LW LV QRW
GLrFXOW WR VKRZ WKDW FRQVXPHU
V FKRLFH SUREOHP LV HVVHQWLDOO\ D RQHVLGHG VHTXHQWLDO WHVW
,Q WKLV VHFWLRQ ZH GHYHORS WKH 6357 DQG LWV DVVRFLDWHG UDQGRP ZDON :H WKHQ XVH FODVVLF
UHVXOWV IURP WKH WKHRU\ RI VHTXHQWLDO WHVWLQJ DQG RI UDQGRP ZDONV WR GHULYH VLPSOH ERXQGV RQ ERWK
WKH H[SHFWHG GXUDWLRQ RI FXVWRPHU OR\DOW\ DQG RQ WKH SUREDELOLW\ WKDW D FXVWRPHU GHIHFWV 7KH
IRUP RI WKH ERXQGV LPSOLHV WKDW WKH H[SHFWHG GXUDWLRQ RI FXVWRPHU OR\DOW\ LV FRQYH[ DQG LQFUHDVLQJ
LQ (vL>8@ )LQDOO\ ZH SUHVHQW H[DPSOHV ^ IRU WKH H[SRQHQWLDO %HUQRXOOL DQG QRUPDO GLVWULEXWLRQV
^ LQ ZKLFK ZH UHpQH WKH ERXQGV DQG VKRZ WKDW WKH URXJK FKDUDFWHUL]DWLRQ SURYLGHG E\ WKH RULJLQDO
ERXQGV DSSHDUV WR EH UREXVW
 7 KH ( PEHGGHG 63 57 DQG 5DQGRP :DON
/HW M  DUJPD[IN  SN
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+HUH WKH H[SHFWDWLRQ RI ; (vL>;@ LV HYDOXDWHG ZLWK UHVSHFW WR WKH XWLOLW\ GLVWULEXWLRQ DFWXDOO\




 LQIIW  SL
W S
M
￿J  LQIIW  6W !E LJ 
EH WKH WLPH DW ZKLFK WKH FXVWRPHU pUVW SHUFHLYHV WKDW WKH TXDOLW\ DW L LV LQIHULRU WR WKH TXDOLW\ DW M
7KLV WKH WLPH DW ZKLFK WKH FRQVXPHU ?GHIHFWV WR WKH FRPSHWLWLRQ LV RXU SULPDU\ REMHFW RI VWXG\
7KHUH LV D YDVW ERG\ RI OLWHUDWXUH EHJLQQLQJ ZLWK :DOG >@ WKDW FKDUDFWHUL]HV WKH EHKDYLRU
RI  :H QH[W SUHVHQW VRPH EDVLF UHVXOWV FRQFHUQLQJ (vL>@D Q G3 v LI J ZKLFK KROG LQ JUHDW
JHQHUDOLW\
 7 KH ( [SHFWHG 'XU DWLRQ RI &XVWRPHU /R\DOW\
2XU FKDUDFWHUL]DWLRQ RI WKH H[SHFWHG WLPH WR GHIHFWLRQ IROORZV FODVVLF UHVXOWV RI :DOG >@ DQG
/RUGHQ >@
7KHRUHP 
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WKH XSSHU ERXQGV KROGLQJ ZKHQHYHU UHVSHFWLYHO\ (vL>;￿￿@   DQG (vL>;￿@  
3URRI
6LQFH  LV D VWRSSLQJ WLPH ZLWK UHVSHFW WR 6WZ K H Q( v L> ; @ LV pQLWH :DOG
V LGHQWLW\ FDQ EH DSSOLHG
WR GHULYH  7KH ORZHU ERXQG LQ  GLUHFWO\ IROORZV IURP  7KH WHUP (vL>6￿ b EL@R Q
WKH ULJKW KDQG VLGH RI WKH VHFRQG HTXDWLRQ LQ  LV FRPPRQO\ FDOOHG WKH H[FHVV RYHU WKH ERXQG
DU\ DQG 7KHRUHP  RI /RUGHQ >@ GHPRQVWUDWHV WKDW LI (vL>;@ ! D Q G( v L>;￿￿@  W K H Q
( v L> 6 ￿b E L @x( v L>;￿￿@ (vL>;@ 7KH pUVW XSSHU ERXQG LQ  WKHQ IROORZV DQG WKH IDFW WKDW
(>;￿￿@ x (>;￿@ SURYLGHV WKH VHFRQG q
:KHQ DUH (vL>;@D Q G( v L> ; ￿@p Q L W H ") R U) %DQG )* WKDW DUH PHPEHUV RI WKH VDPH H[SRQHQWLDO






 v* b v% b v* b v%8 
,Q WXUQ ZH KDYH
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 v * b v % 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7KXV LI v*D Q G  v % DUH ZHOO GHpQHG WKHQ (vL>;@D Q G( v L> ; ￿@ DUH pQLWH ZKHQHYHU (vL>8@D Q G
( v L> 8 ￿ @ UHVSHFWLYHO\ DUH
,I ZH GHpQH
ze ￿
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 v *  b  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v* b v%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WKHQ ZH DOVR VHH (vL>;@  L VH T X L Y D O H Q WW R( v L> 8 @ bz e )XUWKHUPRUH E\ VXEVWLWXWLQJ
 LQWR WKH ORZHU ERXQG RI  DQG UHDUUDQJLQJ WHUPV ZH REWDLQ WKH IROORZLQJ
&RUROODU\ 
:KHQ )% DQG )* DUH PHPEHUV RI WKH VDPH H[SRQHQWLDO IDPLO\ RI GLVWULEXWLRQV WKHQ
(vL>@ y
EL  v* b v%
ze b (vL>8@
 
'LoHUHQWLDWLQJ WKH ULJKW KDQG VLGH RI  VKRZV WKDW ZKHQ )* DQG )% DUH PHPEHUV RI WKH
VDPH H[SRQHQWLDO IDPLO\ RI GLVWULEXWLRQV WKH ORZHU ERXQG RI 7KHRUHP  LV FRQYH[ DQG LQFUHDVLQJ LQ
(vL>8L@ ,Q WKLV FDVH LW DSSHDUV WKDW WKH ERXQG
V EHKDYLRU RoHUV D JRRG FKDUDFWHUL]DWLRQ RI (vL>@
LWVHOI DQG LQ [ DQG LQ [ ZH RoHU HYLGHQFH WR WKDW HoHFW
 7 KH 3 U REDELOLW\ RI 'HIHFWLRQ
7R GHWHUPLQH WKH SUREDELOLW\ RI GHIHFWLRQ 3vLIJ UHTXLUHV D ELW PRUH ZRUN $ FRQFLVH
SUHVHQWDWLRQ RI WKH DQDO\VLV EDVHG RQ :DOG >@ FDQ EH IRXQG LQ 6LHJPXQG >@
7KHRUHP 
,I (vL>;@  DQG (>H￿;@   IRU DOO UHDO 
 WKHQ WKHUH H[LVWV D XQLTXH 
vL  DQG D SUREDELOLW\
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3URRI
)RU D SURRI RI WKH H[LVWHQFH DQG XQLTXHQHVV RI  VHH /HPPD $ DQG HTXDWLRQ $ LQ :DOG >@
1RWH WKDW WKH VWDWHPHQW RI :DOG
V OHPPD LQ >@ UHTXLUHV 3vLI;! J!D Q G3 v LI ; J!
,Q RXU FDVH (vL>;@  L P S O L H VW K D W) %  ) *DQG WKDW WKH LQHTXDOLWLHV DUH VDWLVpHG
7KH IRUP RI  IROORZV IURP :DOG
V OLNHOLKRRG UDWLR LGHQWLW\ DQG D VSHFLDO FDVH XVHG IRU WKH
WHVWLQJ RI WKH VLPSOH K\SRWKHVLV )% YHUVXV )* FDQ EH IRXQG LQ  RI 6LHJPXQG >@ $ FKDQJH
RI PHDVXUH EDVHG RQ  JHQHUDOL]HV WKH LGHQWLW\ WR  ZKHQ )vL   )%
7KH XSSHU ERXQG  DOVR IROORZV IURP :DOG
V OLNHOLKRRG UDWLR LGHQWLW\ ,W LV VXFFLQFWO\ GHPRQ
VWUDWHG LQ  RI 6LHJPXQG >@ q
$JDLQ ZH ZRXOG OLNH WR NQRZ ZKHQ (vL>;@  D Q GZ K H Q( > H ￿;@   IRU DOO UHDO 
) R U ) %
DQG )* WKDW DUH PHPEHUV RI WKH VDPH H[SRQHQWLDO IDPLO\ RI GLVWULEXWLRQV  DQG  VKRZ WKDW
WKH pUVW FRQGLWLRQ KROGV ZKHQHYHU (vL>8@   ze %\ VXEVWLWXWLQJ  LQWR (>H￿;@ ZH VHH WKDW WKH
VHFRQG FRQGLWLRQ KROGV ZKHQHYHU (vL>H￿8@   IRU DOO UHDO 

 ( [DPSOHV DQG )XU WKHU $SSU R[LPDWLRQV
7KH ERXQGV RI 7KHRUHPV  DQG  RoHU VLPSOH OLPLWV RQ WKH EHKDYLRU RU  DQG ZLOO EH XVHIXO LQ WKH
VHQVLWLYLW\ DQDO\VLV SHUIRUPHG LQ >@ 7KH\ QHHG QRW KRZHYHU EH SDUWLFXODUO\ WLJKW 7KHUHIRUH
ZH ZRXOG OLNH WR YHULI\ WKDW WKH FKDUDFWHUL]DWLRQ RI WKH ORZHU ERXQG RoHUHG LQ &RUROODU\  KROGV IRU
(vL>@L W V H O I 
7KH IROORZLQJ WKUHH H[DPSOHV ^ IRU WKH H[SRQHQWLDO %HUQRXOOL DQG QRUPDO GLVWULEXWLRQV ^ VKRZ
WKDW IRU DQ LPSRUWDQW DQG YDULHG VHW RI GLVWULEXWLRQDO IRUPV WKH FKDUDFWHUL]DWLRQ RI &RUROODU\ 
DSSHDUV WR KROG ,Q DOO WKUHH FDVHV ZKHQ v* DQG v% DUH p[HG DQG vL LV ERXQGHG DERYH E\ D FRQVWDQW
IRU H[DPSOH E\ v* WKHQ WKH ?H[FHVV WHUP 6￿ b EL ZKLFK LV QHJOHFWHG LQ WKH FRUROODU\ FDQ EH
ERXQGHG DERYH E\ D FRQVWDQW WKDW LV LQGHSHQGHQW RI EL 7KXV LQ WKHVH FDVHV ZH FDQ FRQVWUXFW DQ
XSSHU ERXQG ZKRVH IRUP PLPLFV WKDW RI WKH ORZHU ERXQG RI  DQG ZH PD\ LQIHU WKDW WKH VDPH
EHKDYLRU URXJKO\ KROGV IRU (vL>@ LWVHOI )RU WKHVH GLVWULEXWLRQV WKH H[DPSOHV DOVR VKRZ KRZ RQH
PD\ FRPSXWH WKH TXDQWLWLHV SUHVHQWHG LQ 7KHRUHPV  DQG 
 ([SRQHQWLDO 'LVWULEXWLRQ
2QH LPSRUWDQW FDVH LQ ZKLFK ZH PD\ FRPSXWH WKH H[FHVV H[DFWO\ LV ZKHQ )vL LV H[SRQHQWLDOO\
GLVWULEXWHG )RU H[DPSOH VXSSRVH WKDW WKH VXSSOLHU RSHUDWHV D TXHXH DQG WKDW WKH TXDOLW\ RI LWV
VHUYLFH LV WKH GHOD\ LQ TXHXH H[SHULHQFHG E\ FXVWRPHUV 7KHQ ORQJHU ZDLWV KDYH ORZHU XWLOLW\ DQG
ZH PLJKW PRGHO D FXVWRPHU WKDW LV ULVNQHXWUDO ZLWK UHJDUG WR GHOD\ LQ TXHXH DV UHDOL]LQJ XWLOLWLHV
WKDW DUH H[SRQHQWLDOO\ GLVWULEXWHG RQ b@ UDWKHU WKDQ >
,Q WKLV FDVH ZH KDYH d  b@ G)vLX  b￿
v LH
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v L IRU X  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:KHQ )% DQG )* DUH PHPEHUV RI WKH VDPH H[SRQHQWLDO IDPLO\ RI GLVWULEXWLRQV SRVVLEO\ GLVWLQFW
IURP )vLZ L W KV X S S R U WR Q b@ ZH FDQ XVH  WR VKRZ WKDW IRU ]!
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DQG IRU  ZH KDYH






7KH %HUQRXOOL GLVWULEXWLRQ FDQ EH XVHG WR PRGHO SURGXFWV DQG VHUYLFHV IRU ZKLFK HDFK HQFRXQWHU
FDQ EH FDWHJRULFDOO\ ODEHOHG DFFHSWDEOH RU XQDFFHSWDEOH 7KLV FOHDUO\ DSSOLHV WR VWRFNRXWV DQG
SURGXFW EUHDNGRZQV DQG LW PD\ DOVR EH XVHG DV D URXJK DSSUR[LPDWLRQ IRU PRUH FRPSOH[ TXDOLW\
GLVWULEXWLRQV ZKHQHYHU WKH RXWFRPHV PD\ EH FRPIRUWDEO\ SDUWLWLRQHG LQWR WKHVH WZR FDWHJRULHV
2EVHUYH WKDW ZKHQ WKH XWLOLW\ REWDLQHG LQ HDFK HQFRXQWHU IROORZV D %HUQRXOOL GLVWULEXWLRQ WKH
GLVWULEXWLRQV RI )% DQG )* PXVW WKHPVHOYHV EH %HUQRXOOL 7KHUHIRUH OHW v% v*D Q Gv LUHVSHFWLYHO\
UHSUHVHQW WKH SUREDELOLWLHV WKDW DQ LQGLYLGXDO HQFRXQWHU LV DFFHSWDEOH JLYHQ WKH TXDOLW\ OHYHO RoHUHG
LV EDG JRRG DQG WKDW DFWXDOO\ RoHUHG E\ VXSSOLHU L7 K X V 
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:DOG >@ GHYHORSV DQDORJRXV ERXQGV IRU WZRVLGHG YHUVLRQV RI %HUQRXOOL 6357
V ZKLFK DUH
DV\PSWRWLFDOO\ HTXDO WR WKRVH VKRZQ KHUH DV RQH RI WKH VWRSSLQJ ERXQGDULHV ERXQG JURZV ZLWKRXW
ERXQG ,Q DGGLWLRQ KH VKRZV WKDW 
















:DOG >@ DOVR GHYHORSV D PHWKRG XVLQJ GLoHUHQFH HTXDWLRQV IRU H[DFWO\ FDOFXODWLQJ (vL>@D Q G
3 v LI J 6HH DOVR &KDSWHU ;,9 RI )HOOHU >@
 1RUPDO 'LVWULEXWLRQ ZLWK 8QNQRZQ 0HDQ DQG )L[HG 9DULDQFH
6XSSRVH TXDOLW\ LV QRUPDOO\ GLVWULEXWHG DQG FRQVLGHU WKH FDVH LQ ZKLFK WKH PHDQ OHYHO RI TXDOLW\
YDULHV IURP RQH VXSSOLHU WR WKH QH[W EXW WKH YDULDELOLW\ RI TXDOLW\ LV URXJKO\ WKH VDPH IRU DOO
VXSSOLHUV 7KHQ ZLWKRXW ORVV RI JHQHUDOLW\ PH PD\ DVVXPH WKDW VXSSOLHU L
V TXDOLW\ LV QRUPDOO\
GLVWULEXWHG ZLWK PHDQ vL DQG D YDULDQFH RI RQH VR WKDW
vL  v L  ￿     
,I )% DQG )* DUH DOVR QRUPDOO\ GLVWULEXWHG ZLWK XQLW YDULDQFH ^ WKDW LV WKH FRQVXPHU GLVFULPLQDWHV
DPRQJ GLVWULEXWLRQV XVLQJ 0HWKRG  RI [ ^ WKHQ VXEVWLWXWLQJ  LQWR  ZH KDYH
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 c  UHVSHFWLYHO\ UHSUHVHQW WKH GHQVLW\ DQG FXPXODWLYH GLVWULEXWLRQ IXQFWLRQV RI WKH
VWDQGDUG QRUPDO GLVWULEXWLRQ DQG yvL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DQG ZH FDQ XVH :DOG
V UHVXOWV IRU WZRVLGHG 6357
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) L Q D O O \ Z HQ R W HW K D WD VE L  WKH GLVWULEXWLRQ RI WKH H[FHVV RYHU WKH ERXQGDU\ 6￿ b EL
DSSURDFKHV WKDW RI WKH HTXLOLEULXP GLVWULEXWLRQ RI WKH ?ODGGHU KHLJKW GLVWULEXWLRQ RI WKH XQGHUO\LQJ
UDQGRP ZDON 6LHJPXQG > @ XVHV WKH H[SHFWDWLRQ RI WKH HTXLOLEULXP GLVWULEXWLRQ WR GHYHORS DQ
DSSUR[LPDWLRQ IRU (vL>6￿ b EL@ ZKLFK DV vL  L V
( v L> 6 ￿bE L@ }    
IRU D QRUPDO GLVWULEXWLRQ :LWKRXW ORVV RI JHQHUDOLW\ WKH PHDQV RI WKH UHOHYDQW GLVWULEXWLRQV ^ v%
v*D Q Gv L^ PD\ WKHQ EH WUDQVODWHG VR WKDW vL   DQG  FDQ EH VXEVWLWXWHG LQWR  DV DQ
DSSUR[LPDWLRQ 7KH WHFKQLTXHV GHYHORSHG LQ >@ FDQ EH DSSOLHG PRUH JHQHUDOO\ DQG WKH LQWHUHVWHG
UHDGHU PD\ FRQVXOW WKH ERRN
 5HODWLRQVKLS WR 2WKHU 0 \RSLF 0 RGHOV
2XU PRGHO RI WKH VLPSOH FRQVXPHU LV LQ ODUJH PHDVXUH PRWLYDWHG E\ WKH DVVXPSWLRQ WKDW WKH
FRQVXPHU XVHV WKH OLNHOLKRRG UDWLR G)%X G)*X DV PHWKRG RI GLVFULPLQDWLRQ 1HYHUWKHOHVV WKH
UHVXOWLQJ EHKDYLRU ZKLFK WDNHV WKH IRUP RI D UDQGRP ZDON I6WJ LV FRQVLVWHQW ZLWK RWKHU P\RSLF
PRGHOV RI %D\HVLDQ FRQVXPHUV
0RUH VSHFLpFDOO\ FRQVLGHU D FRQVXPHU WKDW LV FDSDEOH RI PDLQWDLQLQJ FRPSOH[ SULRUV DQG RI
SHUIRUPLQJ FRPSOH[ %D\HVLDQ SRVWHULRU XSGDWHV \HW H[KLELWV P\RSLF EHKDYLRU $W WKH WWK WULDO VKH
FKRRVHV WKH VXSSOLHU L ZKRVH SULRU GLVWULEXWLRQ 3L
Wb￿ PD[LPL]HV WKH H[SHFWHG XWLOLW\ RI KHU QH[W
WULDO (>83L
Wb￿@ VHH WKH ULJKW KDQG VLGH RI  :KHQ WKH IRUP RI WKH SULRU LV FRQMXJDWH LW LV
SRVVLEOH WR VKRZ WKDW WKH WLPH XQWLO FXVWRPHU GHIHFWLRQ WDNHV WKH IRUP RI D UDQGRP ZDON
)RU H[DPSOH VXSSRVH WKH GLVWULEXWLRQV RI XWLOLWLHV SURYLGHG E\ VXSSOLHUV DUH QRUPDOO\ GLVWULEXWHG
ZLWK XQNQRZQ PHDQV DQG p[HG VWDQGDUG GHYLDWLRQV 	 ,I WKH FRQVXPHU
V LQLWLDO SULRU IRU WKH PHDQ
RI VXSSOLHU L
V GLVWULEXWLRQ 3L
￿ LV QRUPDOO\ GLVWULEXWHG ZLWK PHDQ zL
￿ DQG VWDQGDUG GHYLDWLRQ L
￿
WKHQ KHU SRVWHULRU GLVWULEXWLRQ IRU WKH PHDQ 3L
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￿  	￿ 7KLV ERXQG KDV VDPH IRUP DV WKDW RI &RUROODU\ 
2XU UHSUHVHQWDWLRQ RI FRQVXPHU GHFLVLRQ PDNLQJ LV DOVR LQWLPDWHO\ FRQQHFWHG ZLWK D VSHFLDO
FDVH RI WKH &XPXODWLYH 8WLOLW\ &RQVXPHU 7KHRU\ &8&7 SURSRVHG E\ *LOERD DQG 6FKPHLGOHU
>@ $V ZH VKDOO GHPRQVWUDWH LQ WKH IROORZLQJ VHFWLRQ RXU PRGHO EHJLQV ZLWK D PRUH GHWDLOHG
FKDUDFWHUL]DWLRQ RI FRQVXPHU UHVSRQVH WR TXDOLW\ YDULDWLRQ DQG PD\ EH VHHQ DV DQ HQULFKPHQW RI
WKH WKHRU\ LQ WKH FRQWH[W RI TXDOLW\ XQFHUWDLQW\
 /RQJ 5XQ &KRLFH )U HTXHQFLHV
7KHRUHPV  DQG  RoHU D VKRUWWHUP FKDUDFWHUL]DWLRQ RI FXVWRPHU OR\DOW\ 7KDW LV WKH\ GHVFULEH WKH
GXUDWLRQ RI OR\DOW\ RI D FXUUHQW FXVWRPHU ,Q VRPH FRPSHWLWLYH HQYLURQPHQWV WKLV FKDUDFWHUL]DWLRQ
P D \E HV X r F L H Q W DF X V W R P H UW K D WL VO R V WL VJ R Q HI R U H Y H U D Q GW K H U HL VO L W W O HF K D Q F HW K D WV K HZ L O O
UHWXUQ ,Q RWKHU PDUNHWV KRZHYHU WKH VKRUWWHUP FKDUDFWHUL]DWLRQ LQ FOHDUO\ LQFRPSOHWH ,Q WKH
ORQJ UXQ FRQVXPHUV WKDW GHIHFW WR WKH FRPSHWLWLRQ PD\ UHWXUQ
,Q WKLV VHFWLRQ ZH GHYHORS D FKDUDFWHUL]DWLRQ IRU WKH ORQJUXQ FDVH WKDW LV DQDORJRXV WR WKH UHVXOWV
GHYHORSHG IRU WKH VKRUW UXQ 7KH UHVXOWV VKRZ WKDW ORQJUXQ IUHTXHQF\ ZLWK ZKLFK D FRQVXPHU
SDWURQL]HV VXSSOLHU L LV GHVFULEHG E\ D VLPSOH UDWLR DPRQJ WKH YDULRXV VXSSOLHU
V (vL>;@
V 7KH
UHVXOWV DOVR FORVHO\ SDUDOOHO WKRVH GHYHORSHG E\ *LOERD DQG 3D]JDO >@ :H PDNH WKLV FRQQHFWLRQ
H[SOLFLW DQG DSSO\ WKHLU UHVXOWV WR GHYHORS RXU RZQ
 5HODWLRQVKLS WR &XPXODWLYH 8WLOLW\ &RQVXPHU 7 KHRU \
:H FRQVLGHU WKH FDUGLQDO YHUVLRQ RI WKH &XPXODWLYH 8WLOLW\ PRGHO SUHVHQWHG LQ *LOERD DQG 3D]JDO
>@ +HUH WKH FRQVXPHU PDLQWDLQV FXPXODWLYH EDODQFHV RI WKH XWLOLWLHV REWDLQHG IURP HDFK RI WKH
VXSSOLHUV :KHQ VKH HQWHUV WKH PDUNHW VKH PD\ KDYH DQ LQLWLDO XWLOLW\ EDODQFH IRU VXSSOLHU L EL
￿W K D W
UHSUHVHQWV KHU SULRU LPSUHVVLRQ RI L (DFK HQFRXQWHU ZLWK VXSSOLHU L \LHOGV D UDQGRPO\ GLVWULEXWHG
LQVWDQWDQHRXV XWLOLW\ < L ZKLFK LV DGGHG WR L
V EDODQFH /HWWLQJ 6L
W  
3W
V ￿ < L
VZ HV H HW K D WWWULSV
WR L \LHOG D EDODQFH EL
￿  6L
W
7KH FRQVXPHU EHKDYHV P\RSLFDOO\ LQ HDFK SHULRG VKH YLVLWV WKH VXSSOLHU ZLWK WKH KLJKHVW FX
PXODWLYH EDODQFH 7KXV IRU EL
￿ !E
M





















,I ZH OHW EL   EL
￿ b E
M
￿ DQG OHW b< L   ;LZ K H U H; LLV GHpQHG DV LQ  WKHQ ZH UHFRYHU RXU RULJLQDO
PRGHO IRU WKH VLPSOH FRQVXPHU
1RWH WKDW WKH LQWHQWLRQ RI WKH &XPXODWLYH 8WLOLW\ PRGHOV VRPHZKDW GLoHUHQW IURP RXUV ,Q
*LOERD DQG 3D]JDO
V >@ IRUPXODWLRQ D FRQVXPHU PDNHV UHSHDWHG FKRLFHV DPRQJ D QXPEHU RI
FRPSHWLQJ EUDQGV DQG VZLWFKLQJ EHKDYLRU LV LQGXFHG LV GXH WR ?YDULHW\ VHHNLQJ UDWKHU WKDQ
LQKHUHQW GHIHFW RI WKH SURGXFW WKH PRUH QHJDWLYH (>< L@ WKH PRUH HDVLO\ ERUHG WKH FRQVXPHU
EHFRPHV RQ DYHUDJH ZLWK FKRLFH L UDQGRPQHVV LQ WKH UHDOL]DWLRQV RI < L FRUUHVSRQG WR XQSUHGLFWDEOH
GLoHUHQFHV LQ WKH FRQVXPHUV UHVSRQVH WR L UDWKHU WKDQ DQ\ PHDVXUDEOH XQFHUWDLQW\ LQ WKH DFWXDO
SHUIRUPDQFH RI L
 % DVLF 5HVXOWV
&RQVLGHU D FRPSHWLWLYH PDUNHW LQ ZKLFK WKHUH DUH P VXSSOLHUV FRPSHWLQJ IRU WKH SDWURQDJH RI D
FRQVXPHU 7KHQ







V ￿I}V L JGHQRWH WKH OLPLWLQJ UHODWLYH IUHTXHQF\ ZLWK ZKLFK WKH FRQVXPHU
FKRRVHV VXSSOLHU L, I( v L > < @  DQG YDUvL<    IRU L   P WKHQ ZLWK SUREDELOLW\ RQH IL
H[LVWV IRU L   P DQG
IL  
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,I ZH PXOWLSO\ ERWK QXPHUDWRU DQG GHQRPLQDWRU E\ b
4P
M ￿ (vM>< @ DQG QRWH WKDW ; ub < 
WKHQ ZH UHFRYHU
&RUROODU\ 





M ￿ (vL>;@b￿  
)XUWKHUPRUH LI )% DQG )* DUH PHPEHUV RI WKH VDPH IDPLO\ RI H[SRQHQWLDO GLVWULEXWLRQV WKHQ
(vL>;@ !   ( v L>8 @ z eYDUvL;   YDUvL8   DQG
IL  
 ze b (vL>8@
3P
M ￿  ze b (vM>8@
 
2EVHUYH WKDW  GHVFULEHV WKH ORQJUXQ IUHTXHQFLHV VROHO\ LQ WHUPV RI WKH H[SHFWHG VDWLVIDFWLRQ
ZLWK DQ LQGLYLGXDO VHUYLFH HQFRXQWHU ze b (vL>8@ ,W LV QRW VXUSULVLQJ WKDW WKH FRQVXPHU
V SULRUV
EHOLHIV IE￿E PJ GR QRW KDYH D ORQJWHUP HoHFW :KDW LV PRUH LQWHUHVWLQJ KRZHYHU LV WKH IDFW
WKDW WKH H[FHVV 6￿ b EL GRHV QRW FRQWULEXWH WR WKH ORQJUXQ IUHTXHQFLHV





EHDUV D VWULNLQJ UHVHPEODQFH WR WKH FKRLFH SUREDELOLW\ GHULYHG IURP FODVVLF 01/ PRGHOV RI GLVFUHWH
FKRLFH :KLOH WKH IRUP RI WKH H[SUHVVLRQ LV WKH VDPH WKH PRGHO RI FRQVXPHU EHKDYLRU ZKLFK
JHQHUDWHV LW LV TXLWH GLoHUHQW VHH $QGHUVHQ HW DO >@
 &RQFOXVLRQ
:KDW LV WKH FRVW RI D VWRFNRXW RU RI PDNLQJ D FXVWRPHU ZDLW D ELW ORQJ LQ TXHXH" 7R DQVZHU
WKLV TXHVWLRQ ZH KDYH IRUPXODWHG D PRGHO RI FRQVXPHU UHVSRQVH DQG GHYHORSHG H[SUHVVLRQV WKDW
FKDUDFWHUL]H VKRUW DQG ORQJ WHUP OR\DOW\
,Q >@ ZH XVH WKH UHVXOWV GHYHORSHG KHUH WR SURYLGH D IXOOHU DQVZHU :H RoHU D ULFK FKDUDFWHU
L]DWLRQ RI KRZ WKH H[SHFWHG GXUDWLRQ RI FXVWRPHU OR\DOW\ FKDQJHV ZLWK WKH RYHUDOO OHYHO RI VHUYLFH
ZLWK WKH FXVWRPHU
V GLVFULPLQDWLRQ IXQFWLRQ DQG ZLWK WKH FRQVXPHU
V SULRU EHOLHIV )RU WKH ORQJ
WHUP IUHTXHQF\ RI SXUFKDVH ZH SUHVHQW DQDORJRXV UHVXOWV IRU WKH RYHUDOO OHYHO RI VHUYLFH DQG IRU WKH
FXVWRPHU
V GLVFULPLQDWLRQ IXQFWLRQ :H DOVR XVH WKH H[SUHVVLRQV DV WKH EDVLV RI VLPSOH RSWLPL]DWLRQ
PRGHOV DQG JDPHV WKDW DUH RI QRUPDWLYH YDOXH IRU VXSSOLHUV
2I FRXUVH WKH YDOXH RI DOO RI WKHVH UHVXOWV UHVWV RQ WKH XQGHUO\LQJ DGHTXDF\ RI RXU PRGHO RI
FRQVXPHU EHKDYLRU ,Q SDUWLFXODU HYHQ LI RQH DFFHSWV WKH DVVXPSWLRQ WKDW SHRSOH EHKDYH LQ URXJKO\
%D\HVLDQ IDVKLRQ EXW WKDW WKH\ DUH ?PRUH P\RSLF WKDQ LV RSWLPDO VKH RQH PLJKW ZRQGHU LI RXU
PRGHO LV ?WRR P\RSLF WKDW SHRSOH DUH PRUH IRUHVLJKWHG WKDQ RXU UHSUHVHQWDWLRQ SHUPLWV
$ QDWXUDO DQDO\VLV WR SHUIRUP ZRXOG EH WR FRPSDUH WKH EHKDYLRU RI  LQ RXU PRGHO WR WKDW
SUHGLFWHG IRU D UDWLRQDO %D\HVLDQ 7KHQ LI WKH EHKDYLRU RI WKH IXOO\ %D\HVLDQ ERXQG RQ EHKDYLRU LV
VLPLODU WR WKDW VKRZQ LQ RXU PRGHO WKHQ ZH PLJKW FRQFOXGH WKDW ZH KDYH DGHTXDWHO\ FKDUDFWHUL]HG
WKH EHKDYLRU LWVHOI 'LrFXOW\ LQ FDOFXODWLQJ WKH *LWWLQV LQGH[ UHTXLUHV XV WR PDNH WKH FRPSDULVRQ
XVLQJ QXPHULFDO PHWKRGV DQG WKLV ZRUN LV EH\RQG WKH VFRSH RI WKLV SDSHU 1HYHUWKHOHVV IRU RXU
FKDUDFWHUL]DWLRQ RI WKH H[SHFWHG WLPH WR GHIHFWLRQ ZH QRWH WZR SLHFHV RI HYLGHQFH WKDW SRLQW WR MXVW
VXFK D UHVXOW
)LUVW (UGHP DQG .HDQH >@ GHYHORS WZR PRGHOV LQ ZKLFK %D\HVLDQ OHDUQLQJ LV HPEHGGHG LQ
01/ UHSUHVHQWDWLRQV RI FKRLFH LQ WKH pUVW WKH FRQVXPHU LV D P\RSLF %D\HVLDQ DQG LQ WKH VHFRQG
PRUH IDUVLJKWHG ,Q HPSLULFDO WHVWV LQ ZKLFK WKH\ pW ERWK PRGHOV WR WKH VDPH SDQHO GDWD WKH DXWKRUV
UHSRUW VPDOO EXW VWDWLVWLFDOO\ VLJQLpFDQW GLoHUHQFHV LQ WKH SDUDPHWHU HVWLPDWHV JHQHUDWHG E\ WKH
WZR PRGHOV 7KXV IRU D IDPLO\ RI PRGHOV ZKLFK DUH VLPLODU WR RXUV ^ EXW IRU ZKLFK WKH LQYHVWLJDWRUV

HVWLPDWHV RI VZLWFKLQJ EHKDYLRU DUH PHGLDWHG E\ 01/LQGXFLQJ QRLVH ^ WKH ELDV LQGXFHG E\ XVLQJ
D WRRP\RSLF PRGHO RI FRQVXPHU EHKDYLRU DSSHDUV WR EH VPDOO
6HFRQG /DL DQG &KDQJ >@ GHYHORS DQ DSSUR[LPDWLRQ WR WKH *LWWLQV LQGH[ ZKLFK IRU TXDOLW\
GLVWULEXWLRQV WKDW DUH PHPEHUV RI WKH VDPH H[SRQHQWLDO IDPLO\ WKH\ GHPRQVWUDWH LV DV\PSWRWLFDOO\
%D\HV DV WKH GLVFRXQW UDWH DSSURDFKHV RQH )XUWKHUPRUH IRU D FXVWRPHU XVLQJ WKH DSSUR[LPDWH
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vL
 
ZKHUH v&( GHQRWHV WKH TXDOLW\ OHYHO RI WKH FHUWDLQW\ HTXLYDOHQW WR WKH DSSUR[LPDWLRQ WR WKH *LWWLQV
LQGH[ RI WKH EHVW DOWHUQDWLYH WR VXSSOLHU L DQG WKH FRQYHUJHQFH LV XQLIRUP LQ Mv&( bvLM RYHU VRPH
UHOHYDQW UDQJH 6HH  LQ >@
7 K HV W D W H P H Q WR IW K HU H V X O WG R H VQ R WL Q F O X G HW K HU D W H L Qo  DW ZKLFK WKH FRQYHUJHQFH WDNHV
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
ZKLFK LV SUHFLVHO\ WKH IRUP RI WKH GHQRPLQDWRU RI WKH ORZHU ERXQG RI  ZKHQ 8 | )vL DQG
;  ORJG)vL8 G)&(8
7KXV ZKHQ )vL DQG )&( DUH PHPEHUV RI WKH VDPH H[SRQHQWLDO IDPLO\ RI GLVWULEXWLRQV WKHQ WKH
EHKDYLRU RI  ZLWK UHVSHFW WR vL LV WKH VDPH DV WKDW RI WKH VLPSOH FRQVXPHU $V o   WKH UDWH
DW ZKLFK WKH H[SHFWHG GXUDWLRQ RI FXVWRPHU OR\DOW\ LV JURZLQJ LV FRQYH[ DQG LQFUHDVLQJ LQ vL
2QH PD\ DOVR DVN KRZ RXU FKDUDFWHUL]DWLRQ RI ORQJWHUP UHODWLYH SXUFKDVH IUHTXHQFLHV FRPSDUHV
ZLWK WKDW RI WKH IXOO\ %D\HVLDQ FRQVXPHU ,I (vL>8@ z eIRU DOO RI WKH VXSSOLHUV WKHQ WKH VLPSOH
FRQVXPHU ZLOO VZLWFK DPRQJ DOO VXSSOLHUV LQGHpQLWHO\ DQG ZLOO QHYHU FRQYHUJH XSRQ D SUHIHUUHG
VXSSOLHU RU D VXEVHW RI VXSSOLHUV 7KLV LV GXH WR WKH IDFW WKDW QHLWKHU WKH IRUP RI KHU GLVFULPLQDWLRQ
IXQFWLRQ G)%X G)*X QRU WKH GLVSHUVLRQ RI KHU SRVWHULRU GLVWULEXWLRQV SL
W LV FKDQJLQJ ZLWK
H[SHULHQFH :LWK H[SHULHQFH KRZHYHU WKH SRVWHULRU GLVWULEXWLRQV RI D WUXH %D\HVLDQ ZRXOG EHFRPH
OHVV GLVSHUVHG DQG KHU FKRLFHV ZRXOG FRQYHUJH ,Q WKH FDVH RI ORQJ UXQ IUHTXHQFLHV WKHQ ZH PD\
H[SHFW pQG FRQVXPHUV
 DFWXDO EHKDYLRU IDOO VRPHZKHUH LQ EHWZHHQ WKH SLFWXUHV RoHUHG E\ WKH VLPSOH
DQG %D\HVLDQ PRGHOV
,QGHHG HPSLULFDO pQGLQJV VXFK DV WKRVH RI &DPHUHU >@ GR LPSO\ MXVW VXFK D GLoHUHQFH EHWZHHQ
VKRUW DQG ORQJWHUP EHKDYLRU :KLOH SHRSOH PD\ DFW P\RSLFDOO\ LQ WKH VKRUW UXQ WKHLU ORQJUXQ
SDWWHUQV RI FKRLFH DSSHDU WR EHFRPH PRUH IXOO\ %D\HVLDQ 7KXV RXU PRGHO RI FRQVXPHU EHKDYLRU
PD\ QRW EH ZKROO\ DGHTXDWH IRU WKH ORQJ UXQ LW PD\ EH SURpWDEO\ PRGLpHG RU H[WHQGHG
0RUH EURDGO\ RQH PD\ QRWH WKDW WKH PRGHO SUHVHQWHG LQ WKLV SDSHU FRQVLGHUV WKH P\RSLF
EHKDYLRU DVVRFLDWHG ZLWK FDWHJRULFDO WKLQNLQJ EXW GRHV QRW DGGUHVV RWKHU ZHOOGRFXPHQWHG ELDVHV
DVVRFLDWHG ZLWK LQGLYLGXDO GHFLVLRQPDNLQJ XQGHU XQFHUWDLQW\ )RU H[DPSOH VHH 3D\QH HW DO>   @
RU 0H\HU DQG +XWFKLQVRQ >@ 1HYHUWKHOHVV ZH EHOLHYH WKDW WKH OHDUQLQJ DVVRFLDWHG ZLWK UHSHDWHG
WULDOV LV D IXQGDPHQWDO GHWHUPLQDQW RI FXVWRPHU OR\DOW\ LQ WKH FRQWH[W RI TXDOLW\ XQFHUWDLQW\ ,Q WKLV
VHQVH WKH PRGHO RI D VLPSOH FRQVXPHU SURYLGHV DQ DGYDQFH RYHU PRUH WUDGLWLRQDO PRGHOV LQ ZKLFK
OR\DOW\ LV H[RJHQRXVO\ GHpQHG +RZ PXFK RI DQ DGYDQFH PD\ EH GHWHUPLQHG WKURXJK HPSLULFDO
YDOLGDWLRQ
$FNQRZOHGJPHQWV
7KDQNV WR 'DYLG &URVRQ 5DFKHO &URVRQ 3DW +DUNHU 7HFN+XD +R (ULF -RKQVRQ =LY .DWDODQ
+RZDUG .XQUHXWKHU 5REHUW 0H\HU *DUUHWW YDQ 5\]LQ DQG <X6KHQJ =KHQJ DV ZHOO DV WR VHPLQDU
SDUWLFLSDQWV DW 1RUWKZHVWHUQ IRU YDOXDEOH FRPPHQWV DQG UHIHUHQFHV
5HIHU HQFHV
>@ $OOHQ ) DQG * 5 )DXOKDEHU  ?2SWLPLVP ,QYLWHV 'HFHSWLRQ 7KH 4XDUWHUO\ -RXUQDO
RI (FRQRPLFV   ^   
>@ $OOHQ ) DQG * 5 )DXOKDEHU  ?4XDOLW\ &RQWURO LQ WKH 6HUYLFH )LUP DQG &RQVXPHU
/HDUQLQJ LQ 6HUYLFH 4XDOLW\ 6 : %URZQ ( *XPPHOVRQ % (GYDUGVVRQ DQG % *XVWDYV
VRQ HGV /H[LQJWRQ 0DVVDFKXVHWWV /H[LQJWRQ %RRNV  ^ 
>@ $QGHUVRQ 6 3 $ GH 3DOPD DQG -) 7KLVVH  'LVFUHWH &KRLFH 7KHRU\ RI 3URGXFW
'LoHUHQWLDWLRQ &DPEULGJH 0,7 3UHVV
>@ %DOFHU <  ?3DUWLDOO\ &RQWUROOHG 'HPDQG DQG ,QYHQWRU\ &RQWURO DQ DGGLWLYH PRGHO
1DYDO 5HVHDUFK /RJLVWLFV 4XDUWHUO\   ^ 
>@ %DOFHU <  ?2SWLPDO $GYHUWLVLQJ DQG ,QYHQWRU\ &RQWURO RI 3HULVKDEOH *RRGV 1DYDO
5HVHDUFK /RJLVWLFV 4XDUWHUO\   ^ 
>@ %DQNV - 6 DQG 5 . 6XQGDUDP  ?$ &ODVV RI %DQGLW 3UREOHPV <LHOGLQJ 0\RSLF
2SWLPDO 6WUDWHJLHV -RXUQDO RI $SSOLHG 3UREDELOLW\   ^ 
>@ %DQNV - 6 0 2OVRQ DQG ' 3RUWHU  ?$Q ([SHULPHQWDO $QDO\VLV RI WKH %DQGLW
3UREOHP (FRQRPLF 7KHRU\   ^ 
>@ %HUJHPDQQ ' DQG - 9 DOLP DNL  ?/HDUQLQJ DQG 6WUDWHJLF 3ULFLQJ (FRQRPHWULFD 
 ^ 
>@ %RXOGLQJ : $ .DOUD 5 6WDHOLQ DQG 9 $ =HLWKDPO  ?$ '\QDPLF 3URFHVV 0RGHO RI
6HUYLFH 4XDOLW\ IURP H[SHFWDWLRQV WR EHKDYLRUDO LQWHQWLRQV -RXUQDO RI 0DUNHWLQJ 5HVHDUFK
^  
>@ &DPHUHU & ) 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